Purpose of the Study: Middle-aged adults are often called upon to support aging parents. However, providing support to an aging parent with health problems and disability may be a stressful experience. This study asked whether giving everyday support to parents in the context of health problems and disability has implications for middle-aged children's diurnal cortisol and daily mood. Design and Methods: During four consecutive days, 148 middle-aged adults (mean age = 55) reported the support they gave to their parents and provided saliva 4 times a day (wake, 30 min post-wake, lunchtime, and bedtime). Multilevel models estimated within-person differences in positive affect (PA) and negative affect (NA), cortisol awakening response and area under the curve with respect to ground (AUC-G) as a function of giving same-day and previous-day support. We examined whether these associations are exacerbated when a parent has health problems or activities of daily living (ADL) needs. Results: Middle-aged children had significantly higher next-day AUC-G on days after they gave support to parents with ADL needs. When participants gave support to parents with ADL needs, they had significantly greater same-day PA and lower next-day NA. Giving support to parents with health problems was associated with significantly higher next-day NA. Implications: Giving support to parents is an ambiguous experience with implications for biological stress and daily mood. A biopsychosocial approach reveals under what conditions giving support to parents may become detrimental to health and well-being; this knowledge is essential for the development and implementation of interventions.
more fleeting than support given following a crisis or a major life event. Thus, assessing everyday support as it is exchanged at the daily level is advantageous; however, few studies have taken a daily approach to assessing everyday support exchanges between aging parents and middle-aged children. Moreover, little research has examined whether providing everyday support to elderly parents has implications for daily mood and biological stress responses of middle-aged children. The present study utilized a daily approach to explore the link between middle-aged children's daily mood, diurnal cortisol, and the everyday support they give to their aging parents. We also tested whether parent health problems and ADL needs exacerbate the association between everyday support, diurnal cortisol, and daily mood.
Health and ADL Needs in Late Life
Health problems and disability are inextricably linked to family support. Specifically, illness, health issues, or limitations in ADLs shift norms and needs such that support gravitates toward family members with greater need for support (Fingerman et al., 2011) . Middle-aged children provide more support to parents with ADL needs; this support can be directly tied to assisting with ADL but may also comprise emotional, financial, and social exchanges . Providing social or emotional support has positive implications for the mental health and well-being of the individual giving support (Liang, Krause, & Bennett, 2001) but is also associated with psychological and emotional distress in different contexts (Strazdins & Broom, 2007) . As such, middleaged adults may find that providing support to a parent in the context of health decline may have some positive implications for well-being, but may also be more stressful than providing support to a parent who is otherwise in good health.
Giving everyday family support is associated with daily mood. Savla, Almeida, Davey, and Zarit (2008) found that providing routine assistance to aging parents had immediate negative associations with the daily mood of middle-aged children; these associations were stronger among children who had fewer socioeconomic resources and greater demands on time. Other work shows that middle-aged children reported more positive affect (PA) on days when they provided support to their own children and more negative affect (NA) on days when they provided support to their parents (Fingerman, Kim, Tennant, Birditt, & Zarit, 2016) . These studies established the important link between giving support and daily mood. However, self-report measures of PA and NA do not establish how specific features and circumstances of support provision contribute to specific biological pathways which in turn affect health and wellbeing. This research would be improved by taking a biopsychosocial approach in order to understand the implications of giving support.
The Hypothalamus Pituitary Adrenal Axis and Cortisol
Research that explores the biological processes of stress often focuses on the hypothalamus pituitary adrenal (HPA) axis. The HPA axis is a major endocrine system that helps humans adapt to bodily and environmental challenges, thus improving ability to adjust to homeostasis (Fries, Dettenborn, & Kirschbaum, 2009) . Cortisol is a critical component of the HPA axis that activates the body's response to stress and leads to behavioral changes that improve chances of survival (Chrousos & Gold, 1992; Tsiqos & Chrousos, 2002) .
Cortisol secretion follows a diurnal cycle with a large increase released into the bloodstream after awakening and a steady decline throughout the day with lowest levels during the first half of the night (Tsiqos & Chrousos, 2002) . The cortisol awakening response (CAR; Pruessner et al., 1997 ) is hypothesized to indicate HPA axis activation related to anticipation of the upcoming day (Fries et al., 2009) . CAR is an indicator of negative psychosocial factors, health, well-being, and daily stressors (Chida & Steptoe, 2009; Fries et al., 2009) . The overall output of daily cortisol is assessed as the area under the curve with respect to ground (AUC-G) which accounts for sensitivity (the difference between the single measurements from each other) and intensity (the distance of these measures from ground; Pruessner, Kirschbaum, Meinlschmid, & Hellhammer, 2003) . AUC-G is used to assess the overall secretion of hormones over a specific time period (e.g., over the course of a day), which may be elevated in response to stressors but may assume a blunted form with chronic exposure to more severe stressors (Miller, Chen, & Zhou, 2007) . CAR and AUC-G tend to be highly interrelated and have been shown to represent two main underlying components of cortisol (i.e., total cortisol production and change in cortisol levels; Khoury et al., 2015) . Some stressors may be initially distressing, indicating a more immediate association with cortisol, whereas other stressors may lead to prolonged cortisol reactivity (Brosschot, Pieper, & Thayer, 2005) . Thus, the association between stressors and cortisol may vary depending on whether previous-day or sameday stressors are considered (Adam, Hawkley, Kudielka, & Cacioppo, 2006) . Moreover, individual factors, such as age and gender are associated with cortisol output (Almeida, Piazza, & Stawski, 2009 ) as well as use of certain medications and nicotine consumption (Matta, Fu, Valentine, & Sharp, 1998) . Other factors that occur at the daily level include the time of awakening and type of day (weekend/ weekday; Fries et al., 2009; Kunz-Ebrecht, Kirschbaum, Marmot, & Steptoe, 2004) .
Research has examined cortisol among caregivers of stroke survivors (Saban, Mathews, Bryant, O'Brien, & Janusek, 2012) and persons with dementia (Klein et al., 2016) revealing that caregiving has implications for dysregulated HPA axis. However, it is unclear if giving everyday support to aging parents has similar implications for same-day or next-day cortisol. The present study takes a biopsychosocial approach to examine the implications of giving everyday support to aging parents by examining middle-aged children's diurnal cortisol and daily mood. We test whether parents' health problems and ADL needs exacerbate the association between diurnal cortisol and everyday support. We propose the following hypotheses:
Hypothesis 1: There is an association between giving support to aging parents on middle-aged children's PA and NA (same-day and next-day). At the daily level, we predicted that giving support to parents would be associated with lower PA (same-day and next-day) and higher NA (same-day and next-day). Hypothesis 2: The association between giving support and PA/NA will be exacerbated by parent ADL needs and parent health problems. By testing cross-level interactions between daily support, daily mood, and parent ADL needs/parent health problems, we expected that giving support to aging parents with ADL needs or health problems would be associated with lower PA (same-day and next-day) and higher NA (same-day and next-day). Hypothesis 3: There is an association between giving support to aging parents and middle-aged children's diurnal cortisol (same-day and next-day). At the daily level, we predicted that giving same-day and previous-day support to parents would be associated with a blunted CAR and higher AUG-G. Hypothesis 4: The association between giving support to aging parents and middle-aged children's diurnal cortisol is exacerbated by parent ADL needs/parent health problems. We anticipated that cross-level interactions would reveal that giving support to parents with ADL needs or health problems would be associated with a more reduced CAR and higher AUG-G (same-day and next-day).
Methods

Sample
Participants are drawn from wave 2 of the Family Exchange Study (FES; Fingerman, Miller, Birditt, & Zarit, 2009) For the saliva component, salivary collection kits with salivettes were sent to participants after they completed the main survey and scheduled their first diary interview. Interviewers prompted respondents to collect the saliva on days 2-5 of the diary calls, though allowances were made for deviations from this schedule. Participants were instructed to provide salivary samples: (1) when they woke and before they got out of bed, (2) 30 min after waking, (3) at lunchtime, and (4) before bed. Participants were instructed to not eat or drink anything other than water and to avoid caffeinated products (e.g., coffee, tea, soda) 30 min before collecting their samples. On saliva collection days, respondents were asked to report their collection times and if they had any problems with the salivary collection process. In accordance with standard saliva collection and storage procedures (Nicolson, 2008) , participants stored samples in their home refrigerator and were given instructions for returning the samples in a prepaid overnight mailing package at the end of collection. Refrigeration has been shown to prolong the stability of cortisol and serves as a mechanism by which to avoid molding of saliva samples, which can occur after about four days if left at room temperature (Kierchbaum & Hellhammer, 2000) . Participants received $50 for completing all four saliva days in addition to $50 for completing the diary component.
We examined saliva data for indicators that samples may not be valid. A total of 34 days with potential problems were present in our data. Saliva collection days where participants were awake for less than 12 hours during the day (n = 9), were awake for more than 20 hours during the day (n = 4), woke up after 12:00 noon (n = 1), or reported more than 60 min between the first and second saliva sample (n = 21), were removed from the data set. Further, participants who identified as nightshift workers (n = 2) were removed prior to analyses resulting in a final sample of 148 (See Table 1 for sample characteristics).
Measures From the Daily Interview
Support
On each day of the study, participants reported whether they gave support to their parent(s) using three items from the Intergenerational Support Scale (ISS; Fingerman et al., 2011) . ISS items assessed whether or not the participant gave their parent: (1) emotional support, (2) practical assistance (e.g., fixing something around the house, running an errand), and (3) advice. The ISS asks respondents to indicate "Did you give your mother/father… [insert type of support]… since we spoke yesterday?" Items were summed (α = .76), and a dichotomous variable was created to indicate whether support was provided on a particular day (i.e., same-day support or no same-day support) or on a previous day (i.e., previous-day support or no previous-day support).
Affect
During each day of the diary interview, participants indicated their PA by rating six positive emotions (e.g., happy, determined, calm) and NA by rating nine negative emotions (e.g., distressed, lonely, nervous) drawn from assessments of daily emotions (Birditt, 2014) . Responses were rated from 1 (none of the day) to 5 (all of the day), and mean scores were calculated across items (α = .68 for PA; α = .89 for NA).
Salivary Cortisol
Saliva samples were frozen and stored at −80 °C. After thawing, salivettes were centrifuged at 3000 rpm for 5 min, which resulted in a clear supernatant of low viscosity. Salivary concentrations, reported in nmol/l, were measured using commercially available chemiluminescence immunoassay with high sensitivity (IBL International, 2016, Hamburg, Germany) .
Area Under the Curve AUC-G was calculated for each day to estimate total daily output of cortisol using the following formula (Pruessner et al., 2003) :
Cortisol Awakening Response CAR was calculated for each day by subtracting the first salivary cortisol measure of the day (immediately upon waking) from the second measure (~30 minutes after waking) and then dividing the difference scores by the time interval between the two measures (Fries et al., 2009) :
Measures From the Main Interview
Parent ADL Needs Limitations in parent ADL was measured using four items from the Community Disability Scale (Bassett & Folstein, 1991) . Participants indicated whether their parent(s) need help with: (1) personal care, (2) housework, (3) transportation, and (4) finances. Items were summed to indicate parent's total ADL needs (α = .78) and categorize parents ADL needs (0 = no, does not have ADL need, 1 = yes, has ADL need).
Parent Health Problems
Participants reported whether or not their parent(s) experienced a serious health problem or injury in the past two years (0 = no, did not experience a health problem or injury, 1 = yes, experienced a health problem or injury). Past research examined health problems in this manner Fingerman, Cheng, Birditt, & Zarit, 2012) .
Covariates
An extensive literature review determined several covariates considered for models estimating daily mood and cortisol. We considered participant age and gender; at the daily level, we considered daily medication use (yes/no), daily smoking (yes/no), person-mean daily wake time, and type of day (weekend/weekday; Almeida et al., 2009; Fries et al., 2009; Kunz-Ebrecht, et al., 2004; Matta et al., 1998; Pruessner, Hellhammer, & Kirschbaum, 1999) . Next, we estimated correlations between outcomes and covariates; we limited the covariates in the models to those that correlated with the outcome variable ( Table 2 ; Rovine, von Eye, & Wood, 1988) . Based on correlations between cortisol outcomes and covariates, the model estimating CAR controlled for person-mean centered daily wake time. For AUC-G, we controlled for participant gender, person-mean centered daily wake time, whether the participant smoked on that day, whether the participant used medication on that day, and whether data were collected on a weekend. For PA, we controlled for participant age. NA models controlled for participant age, whether the participant smoked on that day, and whether the participant used medication on that day.
Analysis
Multilevel modeling was used to examine variability in cortisol and daily mood among participants. Two-level multilevel models (SAS PROC MIXED) were employed to examine daily diary data nested within persons (Littell, Milliken, Stroup, & Wolfinger, 1996) . Separate models were run for CAR and AUC-G. Models were built using a parsimonious approach such that variables correlated with the outcome variable (Rovine et al., 1988) . Based on correlations between each daily outcome (i.e., PA, NA, CAR, and AUC-G) and covariates (Table 2) , models included different sets of covariates. Specifically, the following Level 1 equations were utilized: smoke day medication day
At Level 2, we included parent health problems and parent ADL needs for the intercept and slopes of same-and previous-day support in all outcomes. Thus, we examined crosslevel interaction terms between daily support (same day and previous day) and parent health problems and ADL needs. For between-person controls, gender was included for AUC-G models and age for PA and NA models (See Supplementary Appendix A for the full equations).
Results
Descriptive statistics are found in Table 1 . Out of 484 valid days of data used in analysis, participants provided support to parents on 144 days (29%) with an average daily total number of support of 0.54 (SD = 0.72; range = 0-3). Participants provided emotional support (e.g., listening to concerns or being available when someone is upset) most frequently (n = 102) followed by advice (e.g., helping with a decision or giving suggestions; n = 90) and practical support (e.g., fixing something around the house, running an errand, or providing a ride; n = 66). Sixty percent of participants indicated that their parent(s) had a serious health problem or injury in the past two years while 63% of participants indicated their parent(s) had at least one ADL need (M = 2.15; SD = 1.89; range = 0-6). Parent health problems and parent ADL needs were positively correlated r(146) = .28, p < .01; however, the magnitude of this correlation did not suggest problematic multicollinearity (Kennedy, 2008) . Participants reported that their parents' most frequent ADL need was transportation or driving (56%), followed by daily care, shopping cooking meals and housework (45%), finances and managing money (39%), and personal care needs such as bathing and dressing (23%). On average, participants provided usable saliva samples on 3.27 out of 4 total saliva collection days (SD = 0.85). Samples were unusable when participants missed a collection time, did not provide enough saliva to assay, did not record the time of saliva collection, or if the saliva value exceeded 60 nmol/l. The average CAR for participants was 15.17 (SD = 24.37); the mean AUC-G was 197.26 (SD = 73.82). The intraclass correlations were estimated in order to calculate the variance between persons for all outcomes. For cortisol, 16% of the variance in CAR and 35% of the variance in AUC-G was between persons, indicating that a substantial portion of variance in diurnal cortisol was drawn from within-person variation. Likewise, 24% of the variance in NA was between persons, indicating a substantial degree of variance in NA can be attributed to within-person fluctuation, whereas variance in PA was largely attributed to between-person differences (67%).
Daily Mood
Results for multilevel models can be found in Table 3 . Hypothesis 1 predicted that giving support to parents would be associated with lower same-day and next-day PA, and higher same-day and next-day NA. Hypothesis 1was partially supported. Consistent with our prediction, PA was lower on days when participants gave support to their parents. In contrast to our hypothesis, PA did not fluctuate as a function of previous-day support and there were no significant within-person differences in NA based on sameday support or previous-day support.
Hypothesis 2 projected that the associations between giving support and PA/NA would be exacerbated by parent's ADL needs or health problems. In contrast to our prediction, results indicate a significant previous-day support × parent ADL interaction such that participants had lower NA on days after they gave support to parents with ADL needs. As we hypothesized, analyses show a significant previous-day support × parent health problem interaction indicating that, NA was higher on days following support provision to parents with health problems. In opposition to expectations, results reveal a significant same-day support × parent ADL interaction signifying that giving support to a parent with ADL needs was associated with greater sameday PA.
Cortisol
Hypothesis 3 predicted that giving same-day and next-day support would be associated with lower CAR and higher AUC-G. This prediction was not supported by our findings; for CAR and AUC-G, we found no significant within-person differences based on giving same-day or previous-day support.
Finally, Hypothesis 4 predicted that when parent had a health problem or ADL needs, giving same-day and previous-day support would be associated with a lower CAR and a higher AUC-G. Hypothesis 4 was partially supported. Specifically, results indicate a significant previous-day support × parent ADL interaction such that when participants gave support to parents with ADL needs, they exhibited higher AUC-G the following day, but not on the same day. In contrast to our prediction, there were no significant interactions for parent ADL needs and giving same-day or previous-day support on CAR. We did not find any significant interactions for giving same-day or previous-day support and parent health problems on CAR or AUC-G.
In summary, results indicate that giving support to aging parents has differential implications for daily mood and diurnal cortisol of middle-aged children. When participants gave support to parents with ADL needs, they had significantly greater same-day PA and lower next-day NA. Giving support to parents with health problems was associated with significantly higher next-day NA. When examining cortisol as an outcome, middle-aged children had significantly higher next-day AUC-G on days after they gave support to parents with ADL needs.
Discussion
Support to aging parents, who are living longer than ever before, is a customary but demanding practice for middle-aged adults (Brody, 1985) . Parental health problems and disability establish differential contexts in which giving support to parents may be more challenging for middle-aged children, who are faced with balancing work and family obligations associated with midlife, thereby affecting health and well-being. This notion is supported by our finding that AUC-G was higher following days when participants gave support to parents with ADL needs. Higher cortisol levels over the course of the day are associated with greater negative emotion and poorer well-being (Adam et al., 2006) and mental health outcomes. Other research has found similar lagged patterns such that negative interactions with adult children with lifestyle-behavioral problems were associated with middle-aged parents' higher cortisol on the next day . It may be that giving support to a parent with ADL needs prologues the active cognitive representations of the stressor and therefore physiological activation is present in the overall secretion of nextday cortisol.
Our study suggests that giving support to aging parents is an ambiguous experience which is shaped in part by the health and ADL needs of parents. Participants reported lower PA on days when they gave support to aging parents and higher NA on days following support provision to parents with health problems. These finding are consistent with the notion that giving support to aging parents has negative daily implications for middle-aged children . However, giving support to parents with ADL needs was associated with higher same-day PA and lower next-day NA, mirroring the notion that social support has positive implications for those who give it (Liang et al., 2001) . These results parallel themes from caregiving literature, specifically that caregivers experience a variety of positive gains as a result of providing care and support. Such gains include building a sense of purpose, increased gratification, and developing a closer relationship with the person receiving care (Cheng, Mak, Lau, Ng, & Lam, 2016) .
Our results indicate different patterns between giving support when parents have ADL needs verses health problems. In circumstances where a parent has ADL needs, middle-aged children are likely burdened with the reality of parental disability and may anticipate further decline, thus exhibiting a more pronounced biological response to support provision. In contrast to ADL needs, many injuries are brief (e.g., a fall resulting in a broken hip) and chronic health problems may be treatable and manageable thanks to modern science and technology. Thus, it is feasible that parent ADL needs and health problems do in fact take on a different meaning for middle-aged children, thereby posing diverse implications for health and well-being.
Although participants exhibited some positive gains in daily mood through assisting parents who need help with ADL, these gains occurred simultaneously with heightened biological stress response as exhibited in the highest next-day AUC-G. Our study suggests that giving support to parents with ADL needs is perhaps best characterized as a psychologically and emotionally conflicting experience with some positive associations with daily mood, but also some negative biological stress implications. For example, helping a parent by providing a ride to the grocery store may serve as a pleasant interaction that could enhance PA. On the other hand, this same act of support may also cause the middle-aged child to miss out on other important obligations or tasks, and may therefore account for an Notes: Nonsignificant (NS) interaction terms were trimmed. ADL = activities of daily living; AIC = akaike information criterion; AUC-G = area under the curve with respect to ground; BIC = Bayesian information criterion; CAR = cortisol awakening response; NA = negative affect; PA = positive affect; SE = standard error. † p < .10; *p < .05; **p < .01; ***p < .001.
increased biological stress response the following day. Thus, it is important to consider these results within the context of challenges and obligations of midlife. In some cases, middle-aged adults simultaneously give support to, and are "sandwiched" between aging parents and dependent children (Loomis & Booth, 1995) . Thus, it may be that giving support to an aging parent with ADL needs is not particularly taxing, but this support is often provided amidst other obligations and demands, which in turn contribute to a biological stress response. A biopsychosocial approach captures the idea that support to aging parents truly has dual implications for the health and well-being of middle-aged children. This study has several limitations. Past research suggests that the mental health effects of giving family support are moderated by the appraisal of giving support as stressful or rewarding (Bangerter, Kim, Zarit, Birditt, & Fingerman, 2015) . Perceptions of the support that an individual's give, and not necessarily the amount of support, may play an important role in biological stress responses associated with giving support. We did not gather appraisals of everyday support and were not able to test this theory. Next, support was given to parents rather minimally, only 29% of study days were support days, and it is therefore difficult to estimate if findings are a function of limited frequency of support provision. Moreover, we did not examine outcomes as a function of the type of support given, it is likely that giving different types of support and different combinations of support (e.g., practical, emotional, advice) may have differential associations with diurnal cortisol and daily mood. The present study did not closely examine these different types of support, or the potential overlap between these forms of support. Though our sample is not, nor is it intended to be, a caregiving sample, it is plausible that some of the participants in our sample do in fact engage in caregiving for their parents. Caregiving duties are likely embedded within practical support and personal ADL needs; however, our sample indicated that parent ADL needs were mostly in transportation and housekeeping, with personal needs reported least frequently. Participants also reported providing practical assistance least frequently, indicating that caregiving was not likely taking place. However, we did not measure daily caregiving (i.e., support with ADL) provided to parents and therefore could not estimate the association between daily caregiving and diurnal cortisol. Likewise, it is possible that parents were receiving support from other formal services (e.g., assisted living facilities, social services) or informal sources (e.g., other friends and family members); however, we did not consider alternative sources of support in our analyses. Finally, although we collected data across 4 days, this short period of data collection provides a mere snapshot of what support exchanges may look like for participants. Support is likely to ebb and flow across time, changing with needs, resources, and life events; it is difficult to capture the natural progression of support in the limited time period allotted for data collection in this study.
Future efforts toward understanding at what point support provision to aging parents begins to show consequences for biological stress is crucial for the development of resources, services, and interventions. Likewise, identifying the positive and potentially beneficial aspects of providing support to aging parents is essential. Our study highlights the ambiguity of support provision in that we highlight both positive implications (e.g., daily mood) and biological consequences (e.g., next-day AUC-G) and therefore provides an essential step toward understanding the seemingly ubiquitous process of giving support to aging parents in need, a task which, for centuries, adult children have fulfilled. Future research that identifies both the positive aspects and consequences of support provision will aid in developing an enhanced understanding of how support can be provided to aging parents in effective, sustainable, and viable ways.
